Background: Establishing what constitutes clinically significant change is important
•
There is a potential for different approaches to measuring change in symptoms over time to lead to different conclusions about the effectiveness of services: therefore it is inadvisable to make automatic summative judgements of services based on one approach or metric.
• It is important to use the most appropriate method corresponding to the specific question being asked. For example, CCT and RCI at the individual case level to review changes for individual children and families; standardised effect sizes (such as the AVS) to compare populations with a similar case mix and provide comparisons at the national policy level.
• Triangulation with other information -including service satisfaction, therapeutic alliance and functioning in everyday life -is an essential pre-requisite if such data are to be used in meaningful ways.
Introduction
Determining the optimal method to estimate the outcome of interventions in routine care, for both individual practice and service development, is an international policy priority (Department of Health, 2011; Dreyer, Tunis, Berger et al., 2010) . A fundamental and largely unresolved issue is consensus about what constitutes a clinically meaningful change, with various proposed indices (Clark, Fairburn, & Wessely, 2008; Lambert & Ogles, 2009 ). Each currently available method has limitations. One common method is to look at basic difference scores (DS), between mean before and after scores on questionnaires. Typically, difference scores are formally tested using inferential statistics such as t-tests, which fail to adjust for attenuation, regression to the mean and random fluctuation. Effects observed, therefore, often represent an over-estimate of the level of change (Ford, Hutchings, Bywater et al., 2009 ) and are best understood in comparison with a matched group in research studies.
Furthermore, statistical significance does not equate to clinical significance. An increase of one or two points on a questionnaire can be statistically significant but not noticeable or meaningful to the child or family. Conversely, families may report changes that have profoundly impacted on their lives, which may not be statistically significant, either because large changes may not reach statistical significance in a small sample and/or the measure used may not adequately detect the changes of importance to the family.
Converting the difference to a standardised effect size (e.g. Cohen, 1988 Cohen, , 1992 Another method for establishing whether significant change has occurred is the reliable change index (RCI; Christensen & Mendoza, 1986; Jacobson, Follette and Revenstorf, 1984; Jacobson & Truax, 1991; McNemar, 1960) . This estimates the amount of change required in an outcome measure to confidently conclude that the change observed is not solely attributable to measurement error. It has been proposed as a way to meaningfully classify individuals as improved, unchanged or deteriorated. However, changes in scores that are meaningful to the individual do not always meet the criteria for reliable change and changes that are not clinically meaningful may be identified as "improved"t. Furthermore, this approach does not account for attenuation due to use of repeated measures, regression to the mean or spontaneous improvement (Hageman & Arrindell, 1993) .
A recent attempt to address these issues is the added value score (AVS) for the Strengths and Difficulties Questionnaire (SDQ; Ford et al., 2009.) (Leckie & Goldstein, H 2011) . .. The AVS accurately predicted the effect size obtained by control and interventions groups on the SDQ in two randomised controlled trials (Ford et al., 2009; Rotheray et al., 2014) . However, it is not yet clear if it works for all groups of children or interventions; both trials used to test parenttraining with young children at high risk of conduct disorder. Moreover, the AVS is not appropriate for use with individual cases or very small numbers of cases (Ford, et al., 2009 ).
The determination of meaningful change for children and families attending CAMHS 
Method

Participants and Procedure
The current sample was drawn from a wider dataset of demographic details and mental health outcome information collected locally by CAMHS that were part of CORC 7 (Wolpert et al., 2012) . Since this is anonymised routinely-collected outcome data, no research ethical approval was required.
The data used in the current analyses is comprised of 9,764 young people from 58 services across England, whose parents completed the SDQ at intake (time one) and 4-8 months later (time two) as part of their routine treatment. Of these young people, 97.5%
reported their age at referral, which ranged from 0 to 18 years (M=10.81, SD=3.43), 44.8%
were female (gender reported by 98.5%), while 74.7% of the 69.6% who reported their ethnicity were white British. Based on available data (n=3,108), emotional problems were the most common specified presenting problem (57.9%), followed by conduct problems (20.2%), 'other' presenting problems (16.8%), hyperkinetic disorder (11.1%), autistic spectrum disorder (9.8%), deliberate self-harm (6.0%), eating disorder (5.6%), learning disability
and substance use disorder (1.0%). The most common type of professional grouping (available data n=3,283) involved was clinical psychology (38.9%), followed by medical (23.0%), nursing (10.7%), primary mental health worker (13.9%), psychotherapy (8.7%), family therapy (7.5%), 'other' professional input (7.4%), social work (6.7%), occupational therapy (3.2%), creative therapy (2.3%), educational other (2.1%), counselling (1.5%) and education psychology (0.8%).
The most common intervention (available data n=3,273) was 'other therapeutic intervention'
(31.1%), followed by counselling (28.3%), cognitive behavioural therapy (17.0%), parent training (8.0%), family therapy (7.4%), drug treatment (5.6%), child psychotherapy (2.7%), 'other' parent intervention (2.4%), creative therapy (3.6%) and neuropsychological intervention (1.2%).
Measure
The SDQ (SDQ; Goodman, 1997 and 2001 ) is a widely-used and well-validated measure composed of four subscales that assess distress (conduct problems, emotional problems, peer problems and hyperactivity) and one subscale assessing strengths (pro-social skills). Each subscale is composed of five items which are rated on a scale from 0 (not true)
to 2 (certainly true). The total difficulties score is computed as a sum of the four difficulty subscales, while a separate impact score is calculated from the impact supplement where the informant rates child distress and the impact of difficulties on home life, friendships, classroom learning, and leisure activities are combined to form the impact score. General population data (www.sdqinfo.org) demonstrates small decreases in scores with age amounting to less than 0.5 points in total difficulties score between primary and secondary school age children, and thus do not suggest the need for differentiated clinical cut points.
Analysis
The following four analyses of change for DS, CCT, RCI and AVS were undertaken.
In order to compare these approaches, all analyses were carried out using the total difficulties scales of the parent-reported SDQ. The only exception to this was the AVS, which is calculated using all scales from the total difficulties scale and the impact score.
Difference scores (DS)
. DS were based on the mean change in the sample scores between time one and time two; this change was tested using a paired-measured t-test and converted into standardised effects size (Cohen's d; Cohen, 1988 Cohen, , 1992 .
Crossing clinical thresholds (CCT).
The clinical threshold for identifying the presence of a psychiatric disorder through the parent rated SDQ total difficulties score of ≥ 17 was used in the current analysis (Goodman, 1997 (Goodman, , 2001 Goodman, Ford, Simmons et al., 2000; Improving Access to Psychotherapy, 2012) . CCT applies to individual cases and is then reported on a group level as the proportion that crosses the threshold. Jacobson and Truax (1991) , is a function of the reliability of the scale (usually Cronbach alpha (used here) or test-retest reliability (see Table 3 ). Like CCT, RCIs are computed for individual cases, but are reported for groups as the proportion having reliably changed.
Reliable change index (RCI). RCI, as proposed by
Added value scores. The algorithm for calculating added value scores was developed for the parent version of the SDQ on a sample of children with a similar profile to those who attend CAMHS but the majority of whom did not receive treatment (Ford, et al., 2009 ). The algorithm was developed empirically to determine the optimal SDQ baseline variables with which to predict the total difficulties score at 4-8 months follow up, aiming to remove the influence of random fluctuation, regression to the mean and spontaneous improvement (see http://www.sdqinfo.com/c5.html and Table 3 ). The AVS is designed to be reported at the group rather than individual level. It is typically reported as a mean standardised effect size in SD units. A mean added value score of zero indicates that the population shows no change over that expected in an untreated sample, a negative score indicates that the change in scores is worse than predicted, and a positive score suggests the change in scores is better than predicted, i.e. they are reporting fewer difficulties than would be expected if left untreated.
Analysis was carried out using SPSS 21. A McNemar test was employed to see if
CCT suggested a statistically significant difference in the proportions with scores above the clinical threshold at time one and time two and Kappa test for chance-corrected agreement was used to examine the concordance between young people allocated to "improved", "no change" or "deteriorated" categories according to CCT and the RCI.
Results
Difference Score
The mean difference between parent rated SDQ total difficulties score at time one (M = 18.96, SD = 7.14) and time two (M = 16.10, SD = 7.98) was 2.86 SDQ points, which constituted a statistically significant difference (t (9,763) = 46.12, p < .001). This corresponds with a standardised effect size of d = 0.40 (95% CI 0.26 to 0.54) (Cohen, 1992) , calculated using the standard deviation at baseline (Becker, 1988.) 
Crossing Clinical Threshold
Using the proposed cut-off point of a total difficulties score ≥ 17, 21.2% of cases were classified as recovered (i.e., have crossed the threshold from clinical to non-clinical) while 5.5% have crossed the clinical threshold from non-clinical to clinical, and, therefore, would be considered to have deteriorated (see Table 1 ). Readers may be surprised that in a sample of children attending mental health services "only" 63% scored above the clinical cut point of 17. This is a well-known finding and is likely to be partly due to measurement error inherent in the questionnaire and partly because the SDQ focuses on general emotions and behaviour, and does not have specific questions on some of the conditions that are commonly seen in mental health services such as Autism Spectrum Conditions and Eating Disorders, although children with these conditions tend to score substantially higher than the population mean due to co-morbidities.
INSERT TABLE 1 ABOUT HERE
Reliable Change
Given the standard deviation of the sample at the first measurement point (SD = 7.14)
and the reliability of the parent rated SDQ from a nationwide epidemiological sample of 10,438 British 5-15 year olds (Cronbach's α = 0.82; Goodman, 2001) , 16.5% (1,610 cases)
were found to show an improvement that was statistically significant at the 5% significance level(i.e., showed a decrease in SDQ total difficulty scores of 8.36 or more) while 2.3% (224 cases) had deteriorated (i.e., showed an increase in SDQ total difficulty scores of 8.36 or more) between time one and time two.
Agreement between classification of cases as showing 'improvement', 'deterioration' or 'no change' based on RCI and CCT was moderate (Kappa = .472; p<.001), and in fact 80.5% of the pairings were exact and there were no cases that "improved" according to one system yet "deteriorated" according to the other (see Table 2 ). Therefore, all disagreements were between no change and deterioration/improvement. 
INSERT TABLE 2 ABOUT HERE
Added Value Score
The AVS for the parent-rated SDQ has a mean standardised effect size of 0.12 (95% CI .096 to .14, SD = 1.15), which suggests that service users on average show modest improvements over the general population control group of young people and children. There is a substantial reduction in effect size calculated using simple change scores (0.40) to that obtained using the AVS (0.12), which may indicate the extent to which random fluctuation, regression to the mean and attenuation inflate change scores or that the AVS may underestimate change.
Discussion
In this paper we have reviewed four different approaches to assessing the outcome of interventions in routine care (DS, CCT, RCI and AVS) on the same sample and using the same measure to illustrate the heterogeneity in reported outcomes based on different methods. All indices suggested that the majority of young people experienced improvements in their mental health as reported by parents between the two data collection points. The extent of the change, and in relation to the RCI and CCT, who was classified as deteriorated or improved versus 'no change', did vary based on the approach taken. However, there was a moderate agreement between the different approaches and discordant cases were not between recovered and deteriorated but between either of these and no change.
DS converted to a standardised effect size provide the simplest and perhaps the most intuitive means of assessing group level changes in scores on outcome measures before and after treatment, but may be overly simplistic. In particular, statistical tests are sensitive to sample size with small samples entailing less confidence in results, whilst with large samples, even very small pre-post difference can yield statistically significant results that do not equate to clinically meaningful change. Reporting DS in conjunction with a standardised effect size, such as Cohen's d (Cohen, 1992) , can ameliorate this but does not take account of regression to the mean, attenuation and spontaneous improvement, as clearly illustrated by the difference in effect sizes calculated according to the DS (.40) and AVS (.12). Similar differences were obtained when the AVS and DS were tested in the intervention and control arms of two randomised controlled trials (Ford et al., 2009; Rotherway et al., 2014) . DS do 13 not inherently incorporate comparative information in the way AVS does, by adjusting the estimated size of change using information from a proxy control group. Therefore, the DS approach should only be used when a control group, or a suitable comparison group, is available.
CCT can be applied at the level of the individual (unlike DS and AVS) and makes a distinction between scores reflecting a clinical, versus a functional, population, which arguably reflects change with the most clinical relevance or practical significance. However, it does not make a distinction between smaller and larger changes. Random fluctuations in scores closely clustered around the chosen cut off will be reported as 'significant,' whilst large changes (positive and negative) which fail to cross the threshold will go unreported.
In addition, it does not detect even large changes in cases where no threshold is crossed. Unlike CCT, RCI takes account of change anywhere in the scoring range. Moreover, it gives an indication of individual level change whilst removing an element of measurement error and is not tied to a particular measure, control group or previously established norms.
Despite these strengths, RCI has a number of issues. For example, it is not sensitive to small changes that may be clinically meaningful to young people and families (Wise, 2003 (Wise, , 2004 .
Cases showing a reduction of up to eight raw score points from above the clinical threshold at time one to within the 'normal' range at time two on the SDQ Total Difficulties scale would 14 not be identified based on RCI. Furthermore, RCI does not take into account regression to the mean and so may function less effectively with those scoring at the extremes (i.e very high or very low) at baseline (Hageman & Arrindell, 1993) . RCI could provide useful clientlevel information alongside CCT. However, to assess service level change (i.e., percent having reliably changed), because of the lack of account for regression to the mean, we recommend that RCI is considered in comparison to a control group, similar clinical services or the AVS.
Because the AVS makes an implicit comparison to a population not receiving treatment it does not necessarily require comparison to other services to aid interpretation of service-level change. A cut point of 0.15 has been suggested in relation to the AVS with recent policy precedents but there is no empirical evidence to date to support this. Moreover, the AVS is calculated based on the assumption that an epidemiological "high risk" sample is an appropriate control group. A test of the AVS in two trials, both of parenting interventions in early childhood suggest that the AVS functions well in this group (Ford et al., 2009; Rotheray, Racey, Rodgers et al., 2014) , but the score has yet to be tested with other interventions or in other age groups. The severity of psychopathology seems to be a consistent predictor of attendance at mental health services (Angold, Erkanli, Farmer et al., 2002; Ford, Vostanis, Meltzer et al., 2007) while both tests of the AVS involved high-risk samples rather than CAMHS attenders.
To our knowledge, this is the first demonstration using clinical data to directly compare different methods of estimating clinical change and it benefits from a large sample size.
However, some limitations should be acknowledged. As the analysis was based on routinelycollected data where information about the sampling frame was missing, we cannot know how representative the sample is of the children that it was drawn from.
We make no claims about the change rates themselves on this basis, but it may be that this also may have led to a biased sample in terms of comparing approaches. It is not known how representative the data from the current sample is, although it is consistent with CAMHS mapping in terms of proportion of presenting problems reported (www.childrensmapping.org.uk) and generalizability is arguably not key to these illustrative
analyses. In addition, we only considered one measure for illustrative purposes -the SDQand only used the four most common forms of change indices; further work in this area might usefully consider other measures and additional change indices, although the AVS is currently only available for the parent-reported SDQ. In particular, development of added value scores for other outcomes measures would be welcomed. Further research comparing changes in such measures against external clinical measures of change would also be useful.
Conclusion
If we treated the sample used in this review as a service, it is clear that there is the potential for different approaches leading to different conclusions about the effectiveness of the service. The CCT or RCI indicate improvement in approximately 20% of the sample, although they will, in a small proportion of instances, identify different cases as improved.
The starkest contrast is in the standardised effects sizes for DS and AVS. The warning from this work is particularly apposite given the recent difficulties around heart surgery in Leeds (The Lancet, 2013) . It is clearly unwise to make automatic summative judgements of services based on one approach or metric: different approaches give different answers. It is important to use the most appropriate method corresponding to the specific question being asked (e.g., service effectiveness versus individual client improvement). It is already clearly demonstrated in the literature that difference scores should not be judged by themselves but in conjunction with measures assessing outcomes that are of concern to the patient, such as service satisfaction, therapeutic alliance and functioning in everyday life (Kazdin, 1999; Lunnen & Ogles, 1998; Wise, 2004 Even this represents a far from perfect solution. At the very least it is essential that service managers, policy makers, commissioners and service users themselves understand the differences in these metrics so that they can appropriately make sense of outcome data presented to them. Similar studies of the impact of case-complexity factors on the other indices would be informative and should be a focus of further research.
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Tables
Triangulation with diagnostic criteria and using Receiver Operating Characteristics (ROC) procedures such as sensitivity, specificity (Streiner & Cairney, 2007; Swets, 1973 Swets, , 1986 and cross-validation with other instruments. 
